















































































































































Maximum DO concentrations are predicted
in subreach 1. Measurements of DO concentra-
tions that exceed the saturation concentration are
not uncommon during low flows in the Blackwater
River (see fig. 6 and the results of the monitoring
study described previously). In most cases, the DO
supersaturation probably is due to photosynthetic
activity by benthic algae and other aquatic plants.
Numerous investigations have shown that benthic
algae and aquatic plants in lakes, rivers, and
streams can increase the DO content of the water to
supersaturated concentrations (Ondok and others,
1984; Carpenter and Lodge, 1986; Carter and oth-
ers, 1991). In subreach 1, there is little turbulence
at low flows to promote degassing and stream
depths are low. Photosynthesis produces DO
supersaturation during the morning hours and the
warming of the highly colored streamwater further
reduces the saturation concentration during the
afternoon. The model does not accurately account
for these processes. Therefore, predicted concen-
trations for supersaturation are not accurate, but the
maximum dissolved oxygen concentration will
occur in this subreach. Note that the water-quality
assessment previously discussed in this report indi-
cated DO concentrations below the State water-
quality limit at the Canaan Valley State Park main-
stem site, but those assessments were at discharges
greater than the 7Q10.

Minimum DO concentrations are predicted
in subreach 2 (the beaver pool). Model calibration
and verification indicated traveltime through this
subreach was between 3 and 5 days (table 5), and
traveltime increased to about 10 days for this simu-
lation (table 12). As discharge decreases, travel-
time through subreach 2 increases, allowing
CBOD and SOD processes more time to affect DO
concentrations. As previously discussed in this
report, hydraulic characteristics of subreach 2 actu-
ally decrease in velocity, increase in stream width,
and increase in stream depth in the downstream
direction, but model representation is an average of
these characteristics. Therefore, predicted concen-
trations of DO are not accurate, but the minimum
dissolved oxygen concentration will occur in this
subreach.

Simulated discharge is consistent with the
expected 7Q10 discharges (fig. 21). The 0.12 ft/s

withdrawal at river mile 31.3 represents a 25-per-
cent reduction in discharge at that point. The mag-
nitude of the withdrawal is based on an estimated
value of 0.08 Mgal/d and includes the drinking-
water supply for the Park Lodge and irrigation
water for the Park golf course.

SUMMARY AND CONCLUSIONS

Water quality was assessed for the Blackwa-
ter River and several of its tributaries in Canaan
Valley, a large, montane valley in northeastern
Tucker County, W. Va. Results were determined
from measurements of discharge and 29 water-
quality properties and constituents, collected at
eight monitoring sites at intervals of 1 to 2 months
from March 1990 through August 1992. Processes
affecting dissolved oxygen (DO) were investigated
by (1) collecting data for three synoptic surveys,
(2) applying a steady-state, one-dimensional water-
quality model, and (3) simulating water quality for
the 7-day, 10-year low flow.

Most streams in Canaan Valley can be
described as having a dilute calcium magnesium
bicarbonate-type water. Streamwater typically was
soft and low in alkalinity and dissolved solids. The
highest median values for specific conductance,
hardness, alkalinity, and concentrations of dis-
solved calcium, magnesium, sodium, potassium,
alkalinity, sulfate, chloride, and dissolved solids
were recorded at monitoring sites on Mill Run and
North Branch, which are tributaries that receive
inflows of ground water from limestone aquifers.
Lowest median values for these characteristics
were recorded for Club Run and Yoakum Run, two
tributaries that are fed mainly by ground water
from sandstones and shales. Ionic concentration
values and other water-quality properties were gen-
erally intermediate for monitoring sites on the
Blackwater mainstem. Maximum values for spe-
cific conductance, hardness, alkalinity, and dis-
solved solids occurred during low-flow periods
when streamflow was at or near base flow.

Nitrogen and phosphorus were present at low
concentrations in Canaan Valley streams. Concen-
trations of nitrate-nitrogen, nitrite-nitrogen, and
un-ionized ammonia-nitrogen were always lower
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than State water-quality limits. Precipitation could
supply a significant fraction of the nitrate-nitrogen
used by stream biota. The mean concentration of
nitrate-nitrogen in precipitation was at least eight
times that of streamwater during the study period.
Concentrations of dissolved nitrite-nitrogen plus
nitrate-nitrogen and dissolved orthophosphorus
were highest during periods of high streamflow.
Particulate forms of nitrogen were more abundant
during summer low-flow periods and probably rep-
resent organic production within the streams.

Dissolved oxygen concentrations usually
were below the saturation concentrations at the
Blackwater mainstem monitoring site in Canaan
Valley State Park and usually were at or above sat-
uration at all other sites. Five measurements of DO
concentration at the Park site were below the State
limit of 6.0 mg/L. Diel fluctuations in DO concen-
trations and low reaeration, rather than problems
with wastewater discharges, probably account for
most of the low DO-concentration measurements.
At discharges near those of the 7-day, 10-year low
flow, the Canaan Valley State Park mainstem site
can have supersaturated DO concentrations due to
photosynthetic activity by benthic algae and other
aquatic plants.

Fecal coliform bacteria episodically
exceeded the State limit of 200 colonies per 100
mL in Canaan Valley streams. Maximum counts
during the warmest months of the year often were
in the thousands of colonies per 100 mL. Fecal
coliform and fecal streptococcus bacteria probably
originate from nonpoint sources, including wildlife
and domestic animals. Transport of fecal bacteria
into the streams during summer months probably
occurs sporadically following localized rainstorms
on the watershed.

Concentrations of dissolved iron and manga-
nese were high in Canaan Valley streams. Dis-
solved iron concentrations were higher than the
State limit of 500 ug/L at seven of the eight moni-
toring sites. Maximum concentrations of dissolved
iron ranged from 380 pg/L at the mainstem moni-
toring site near Cortland, W. Va., to 1,100 pug/L at
the site near Davis, W. Va. Concentrations of dis-
solved manganese frequently exceeded the recom-
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mended }maximum of 50 ug/L for public water
supplies. The most likely explanation for the high
concentrations of dissolved iron and manganese is
that the metals entering the streams in ground
water are forming complexes with organic matter
derived from adjacent wetlands.

Contamination from pesticide applications
was not evident in Canaan Valley streams. Of 58
pesticides and other organic contaminants analyzed
in August 1991 at seven water-quality-monitoring
sites, only four--the herbicides picloram, 2,4-D,
and simazine, and the insecticide lindane--were
detectab?e, and all of these were at concentrations
significantly lower than the MCLs.

The dominant environmental processes
affectini DO concentrations for low-flow periods
in Canaan Valley streams are reaeration and pro-
cesses related to stream turbulence. Dissolved
oxygen concentrations are most sensitive to pro-
cesses affecting the rate of reaeration. The rate of
reaeration is affected by processes that determine
dissolved oxygen solubility (the interaction among
atmospheric pressure, water temperature, humidity,
and cloud cover) and processes that determine
stream turbulence (the interaction among stream
depth, width, velocity, and roughness).

Additional processes play significant roles in
determining DO concentrations in the headwaters
and beaver pools. In the headwaters, photosyn-
thetic DO production by benthic algae can result in
supersaturated DO concentrations. This process is
affected by light availability (dependent upon
stream depth and the presence of light absorbing
organic constituents) and plant nutrients (depen-
dent upon discharges from wastewater treatment
plants and overland runoff). In beaver pools, DO
consumption from SOD and CBOD can result in
dissolved oxygen deficits. This process is affected
by sedimentation of organic particles (dependent
upon reduced velocity and increased traveltime).
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